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Description 

SINGLE COIL SOLENOID HAVING A 
PERMANENT MAGNET WITH 
BI-DIRECTIONAL ASSIST 

Background of Invention 

[0001] The present invention relates generally to electromagnet 
switching devices and, more particularly, to a single coil 
solenoid having a permanent magnet with bi-directional 
assist. 

[0002] Electromagnet switching devices such as solenoids are 

commonly used in a number of applications such as shut- 
off devices for fuel or other types of fluid pumps. 
Solenoids are frequently used in engine applications in the 
throttle, choke, valve, clutch, and overspeed protection 
assemblies. As such, solenoids are typically found in en- 
gine driven products such as boats, lawn equipment, au- 
tomobiles, generators, and the like. 

[0003] Solenoids are designed to convert electrical energy into 
mechanical work. Typically, a movable armature or 



plunger reciprocates linearly from a first to a second posi- 
tion when current is induced in coil(s) in which the arma- 
ture sits. The current induced in the coil(s) creates a mag- 
netic field about the armature that induces movement in 
the actuator along one direction. In this regard, the arma- 
ture may be connected to a device or piece of equipment 
such that when current is induced in the coil(s), the arma- 
ture is caused to turn ON, turn OFF, open, or close the de- 
vice. 

[0004] Typically, solenoids include either a single coil of copper 
wire or a pair of coils of copper wire. In a single coil 
solenoid, when electric current is introduced, a magnetic 
field forms which causes movement of a plunger or arma- 
ture. Typically, the magnetic field draws the plunger in- 
ward to a retracted or energized position. In a single coil 
solenoid, the current induced to create the magnetic field 
to cause movement of the armature or plunger must not 
only be sufficient to pull or push the plunger but also be 
sufficient to maintain the plunger in the energized posi- 
tion. A drawback of a single coil solenoid, however, is that 
when the coil is energized for long periods of time, the 
coil may overheat thereby rendering the solenoid inopera- 
ble. To overcome this drawback, dual coil solenoids are 



typically used for applications in which the plunger or ar- 
mature may need to be maintained in an energized posi- 
tion for long periods of time. 
[0005] A typical dual coil solenoid is shown in Fig. 1. Solenoid 10 
includes a first or pull coil 12 and a second or hold coil 
14. Generally, the first wound coil operates at a high cur- 
rent level to provide a maximum pull or push on plunger 
16. The second wound coil is used to simply hold the 
plunger in place after the plunger has completed its 
stroke and requires less energy. The coils 12, 14 are typi- 
cally fabricated from copper wire and the plunger is mag- 
netic material with a coating or plating to resist wear, fric- 
tion and corrosion. The amount of current required to 
maintain the plunger in a hold position is typically less 
than that needed to push or pull the plunger and, as such, 
a dual coil solenoid may be energized continuously with- 
out overheating. The coils 12, 14 as well as plunger 16 
are typically positioned within a steel housing 18 that may 
include mounting brackets 20 for mounting the solenoid 
to a frame or other piece of equipment. Some solenoids 
further include a return spring 22 that is used to bias the 
plunger 16 in a de-energized position. As such, the mag- 
netic force placed on the plunger through high current in 



coil 12 must be sufficient to overcome the bias of spring 
22. For those solenoids incorporating a return spring 22, 
a flexible dust boot 24 is commonly used to enclose re- 
turn spring 22 and is mounted or connected to the hous- 
ing 18. At an opposite end of housing 18 is typically a 
double break switch 26 that is controlled to regulate 
which coil is energized. As such, switch 26 may be actu- 
ated such that dynamic control of current inducement in 
either the pull or push coil 12 or hold coil 14 is main- 
tained. The double break switch 26 is typically sealed 
against dirt and moisture, and a housing or cover 28 se- 
cured to housing 18. Extending through cover 28 is a 
number of terminals 30 for connecting electrical leads to 
the solenoid. 

[0006] As illustrated in Fig. 1, atypical solenoid is constructed 
with copper wire on a non-conductive, non-magnetic 
bobbin that creates a coil assembly. The coil assembly is 
assembled into a magnetically conductive shell that be- 
comes an electromagnet when energized that may create 
a force on a movable magnetic object such as a plunger or 
armature. The force exerted on the plunger is directly 
proportional to the electrical current and the number of 
turns of wire on the bobbin. That is, the higher the num- 



ber of ampere-turns, the greater the force imparted. From 
this proportional relationship, increasing the number of 
turns or increasing the current may increase the amount 
of force imparted. Some solenoids, which are particularly 
used in space constrained applications, utilize two sepa- 
rate coils on the same bobbin. As discussed above, these 
coils are typically referred to as a "pull" coil and a "hold" 
coil. 

[0007] The pull coil, as described above, is designed to carry a 
very high current generate relatively high forces on the 
plunger or armature initially. Typically, this high amount 
of force is for a short period of time at which point the 
current is switched off to prevent the coil from overheat- 
ing. The hold coil usually operates with a much lower cur- 
rent and takes advantage of the fact that the plunger re- 
quires much less energy to maintain the "pull" force ex- 
erted on the plunger or armature. Typically, the pull coils 
are switched off in different ways but two of the most 
common ways are either mechanically or electronically. 
That is, the mechanical switching method usually imple- 
ments the plunger to interrupt the circuit at or near a zero 
stroke by opening a set of switch contacts that is a part of 
the solenoid. The placement of these contacts is critical as 



is their ability to handle high currents. Switch design has 
its own unique requirements that must be considered in 
the overall solenoid design further complicating the 
solenoid as well as adding cost and potential reliability 
concerns. On the other hand, electronically controlled 
solenoids may use relays or solid state switching devices 
to accommodate switching functionality. These electronic 
components, however, add costs to the solenoid. Another 
switching method that uses electronics implements a sin- 
gle coil of wound wire which is similar to a pull coil in that 
it uses high current to create a high initial force. The elec- 
tronics therefore supply full power to the coil initially. 
When the plunger has reached full stroke, typically after a 
specified time period, the electronics start switching the 
current on and off at a relatively high frequency to reduce 
the effective current. This process is typically referred to 
as pulse width modulation and makes the single high cur- 
rent pull coil effectively also the low current hold coil. 
However, electronics not only add to the manufacturing 
cost of the solenoid but also increase the complexity of 
the solenoid. 

[0008] It would therefore be desirable to design a solenoid hav- 
ing a single coil of wire that achieves both push/pull and 



hold functions without the additional cost and complexity 

of mechanical or electronic switch assemblies. 
Brief Description of Invention 



[0009] The present invention is directed to a single coil solenoid 
having a permanent magnet with bi-directional assist 
overcoming the aforementioned drawbacks. 

[0010] The solenoid includes a single coil of wound copper wire 
and a plunger or armature disposed in a bore therein. The 
plunger is designed to move linearly within the bore of the 
solenoid when current is induced in the single coil. In a 
de-energized condition, the plunger is positioned against 
a spacer comprised of non-magnetic material that is posi- 
tioned between the plunger and a permanent magnet. 
When the single coil is not energized, the plunger is at- 
tracted to the permanent magnet thereby creating an at- 
tractive force between the plunger and the permanent 
magnet to hold the plunger against the non-magnetic 
spacer. When the current is induced in the single coil, an 
electromagnetic condition is created that causes the 
plunger to have a magnetic polarity that matches the po- 
larity of the permanent magnet. As a result, a repelling 
force is created or generated between the plunger and the 
permanent magnet causing the plunger to linearly move 



away from the spacer. The solenoid further includes an 
end plate having an attracting stud that when current is 
induced in the single coil, the polarity of the plunger is at- 
tracted to the attracting stud. That is, the attracting stud 
has a polarity opposite that of the energized plunger. Op- 
tionally, the solenoid may include a return spring that bi- 
ases the plunger against the spacer during de- 
energization of the single coil. In this regard, the amount 
of current induced in the single coil must be sufficient to 
not only reverse the polarity of the plunger, but must also 
be sufficient to create a force upon the plunger that over- 
comes the bias of the return spring. 
1] Therefore, in accordance with one aspect of the present 
invention, a solenoid has a magnetically conductive shell 
having a single coil of wound wire. The solenoid also has 
a movable magnetic object disposed within a bore of the 
single coil, the object configured to receive a magnetic 
force when current is induced in the single coil. The 
solenoid also includes a permanent magnet having a fixed 
polarity that repels the moveable magnetic object when 
current is induced in the single coil and attracts an end of 
the movable magnetic object when no current is induced 
in the single coil. 



[0012] According to another aspect of the present invention, an 
electromagnetic switching apparatus includes a bobbin 
having a single coil of wire wrapped therearound. A mov- 
able armature is disposed within the single coil as is a 
permanent magnet. The permanent magnet is separated 
from the actuator by a non-magnetic spacer such that the 
permanent magnet attracts the actuator when the single 
coil is de-energized and repels the actuator when the sin- 
gle coil is energized. 

[0013] In accordance with yet another aspect of the present in- 
vention, a method of manufacturing a single coil solenoid 
with permanent magnet bi-directional assist includes the 
steps of wrapping a single electro-conductive wire around 
a bobbin and securing a plunger within a bore of the bob- 
bin. The manufacturing process further includes the step 
of disposing a spacer and a permanent magnet at one end 
of the plunger and biasing the plunger in a first position 
against the spacer. An end plate having an attracting stud 
at an end of the bobbin opposite to that of the permanent 
magnet is also put in place. 

[0014] In accordance with a further aspect of the present inven- 
tion, a single coil solenoid includes a first magnetic circuit 
between a plunger and a permanent magnet spaced from 



the plunger at a first electromagnetic condition created 
when a single coil wire is not energized as well as a sec- 
ond magnetic circuit between a plunger and an attracting 
member at a second electromagnetic condition created 
when the single coil of wire is energized. 
[0015] In accordance with a further aspect of the present inven- 
tion, a solenoid kit includes a bobbin configured to re- 
ceive a single coil of wire wrapped therearound as well as 
a permanent magnet having a fixed polarity. The kit also 
includes an armature configured to move linearly through 
a bore of the bobbin as well as a non-magnetic spacer to 
be disposed between the permanent magnet and the ar- 
mature. 

[0016] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0017] jhe drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0018] In the drawings: 

[0019] Fig. 1 is a cross-sectional view of a prior art solenoid. 
[0020] Fig. 2 is a cross-sectional view of a solenoid in a de- 



energized position, 

[0021] Fig. 3 is a cross-sectional view of tliat sliown in Fig. 2 in 

an energized position. 
Detailed Description 

[0022] Referring now to Fig. 2, a single coil solenoid having a 
permanent magnet with bi-directional assist is shown. 
The solenoid 32 includes a bobbin 34 designed to have a 
single coil of wire 36 wrapped therearound. Bobbin 34 is 
also configured to hold a permanent magnet 38 in a fixed 
position at one end of solenoid 32. Integrated with the 
bobbin is a plurality of shunt components 40 which will be 
described in greater detail below. Preferably, the bobbin 
34 also includes a non-magnetic spacer 42 positioned 
adjacent to the permanent magnet 38 and, as will be de- 
scribed in greater detail below, creates a fixed space or 
distance between an armature 44 and the permanent 
magnet 38 when the solenoid is in a de-energized posi- 
tion. 

[0023] Fig. 2 illustrates solenoid 32 in a de-energized position. 
In this position, a movable magnetic object such as an ar- 
mature 44 or plunger is separated from permanent mag- 
net 38 by the non-magnetic spacer 42. When in a de- 
energized position, i.e., zero or very little current induced 



in coil 36, armature 44 lias no polarity and is therefore at- 
tracted to and takes on the characteristics of the perma- 
nent magnet 38. In this regard, the attractive force cre- 
ated between the armature and the permanent magnet is 
such to hold the armature 44 against the non-magnetic 
spacer 42. One skilled in the art will appreciate that the 
thickness of spacer 42 may be varied to achieve a desired 
holding force such that the amount of energy or force re- 
quired to release the armature upon energization may be 
regulated for a particular application. A return spring 46 
may optionally be used and connected to armature 44 to 
further bias the actuator against spacer 42. In this regard, 
the force imposed on the armature 44 is additive between 
the spring and the magnet. This allows for a higher force 
to be available out of the solenoid in the at-rest or de- 
energized position. When the coil is energized, however, 
the armature 44 is magnetically polarized via shunt com- 
ponents similar to the magnet 38. As a result, the repul- 
sive force between the magnet 38 and the armature 44 
adds to the attracting force between the attracting stud 
56 and the armature 44 and must be sufficient to over- 
come the bias of return spring 46. 
[0024] The internal components of solenoid 32 are housed within 



a relatively rigid and durable housing 50. Connected at an 
end 52 of the housing opposite that of the permanent 
magnet 38 is an end plate 54. Connected to end plate 54 
is an attracting stud 56. When current is not induced in 
the single coil 36, the attracting stud 56 and the armature 
44 have no real magnetic polarity. That is, the attracting 
stud 56 and the end of the armature proximate of the at- 
tracting stud have no attractive force between them. In 
this regard, the attracting force of the magnet and the 
spring force is generated therebetween such that the ar- 
mature is pushed away from attracting stud 56. Accord- 
ingly, the permanent magnet 38, the armature 44, shunt 
components 40, and solenoid housing 50 create a com- 
plete and efficient magnetic circuit that has a relatively 
high attractive force on the plunger caused by the perma- 
nent magnet 38. The influence of magnet 38 on armature 
44 adds to the force of return spring 46 which ensures a 
relatively high return force to the de-energized position 
against spacer 42. 
[0025] Solenoid 32 includes shunt components 40 which assist in 
creating a relatively high holding force on the armature 
during de-energization of the single coil 36. Absent these 
components, the magnetic path would be less efficient 



and, as such, much of the magnetic flux would be forced 
to travel through the armature 44 and "jump" a relatively 
large air gap between the armature and attracting stud 
56. In addition, the length of the magnetic path would be 
much greater thereby requiring more coercive force from 
permanent magnet 38. The result would therefore be a 
much lower operating point of the permanent magnet 38 
thus reducing the holding force of the armature against 
the permanent magnet. The effectiveness of shunt com- 
ponents 40 may be varied by changing the air gap be- 
tween the shunt components 40 and housing 50. This gap 
not only influences the hold force placed on the armature 
when de-energized, but also affects the amount of energy 
required to release the armature when current is induced 
in the single coil 36. Additionally, the axial location of 
shunt components 40 relative to magnet 38 also influ- 
ences the hold force placed on the armature 44 and the 
amount of energy required to release the armature from a 
hold position upon energization of the single coil 36. That 
is, as the distance of the shunt components 40 from the 
permanent magnet 38 increases, the hold force between 
the armature 44 and the permanent magnet 38 decreases. 
Accordingly, placement of the shunt components relative 



to the permanent magnet, the solenoid housing, and the 
armature increases the efficiency of the magnetic circuit 
thereby resulting in an increased hold force in the de- 
energized position and a reduced energy requirement to 
release the armature upon energization of the single coil. 

[0026] As stated above, when zero or little current is induced in 
the single coil of wire wrapped around the bobbin, the 
solenoid is considered to be in a de-energized state or 
position. In this position, the polarity of the armature 
takes on the polarity of the permanent magnet. The per- 
manent magnet creates an attractive force between the 
armature and itself The force of the magnet coupled with 
the bias of the return spring create the relatively large 
holding force on the armature 44 that, as illustrated in 
Fig. 2, maintains a seating of the armature against the de- 
vice or equipment in which the armature is engaged. As 
such, current in the single coil is not needed to maintain 
the armature in an at-rest state or position. 

[0027] Referring now to Fig. 3, solenoid 32 is shown in an ener- 
gized position. In this regard, current is induced in coil 
36. The polarity of the coil must be such that the shunt 
components 40 have the same polarity as the permanent 
magnet face that is in close proximity or in contact with 



the armature. The inducement of current through coil 36 
causes the polarity of armature 44 with respect to the 
magnet to be the same. As such, a repellent force is cre- 
ated between the armature 44 and permanent magnet 38. 
Further, upon current inducement in coil 36, the polarity 
of the armature at the poles proximate to the attracting 
stud 56 is also reversed thereby creating an attractive 
force between attracting stud 56 and armature 44. When 
the current induced in single coil 36 is of sufficient ampli- 
tude, the attractive force created between attracting stud 
56 and armature 44 coupled with the repellent force cre- 
ated between armature 44 and permanent magnet 38 will 
be sufficient to overcome the bias of spring 46 thereby 
causing a linear movement of armature 44 in the bore of 
bobbin 34 toward end plate 54. As such, the return spring 
46 is compressed and engaged such that armature 44 is 
pulled from the device or equipment that in which it was 
engaged during the non-energization of the coil. 
[0028] A second magnetic circuit is created by housing 50, end 
plate 54, attracting stud 56, plunger 44, and shunt com- 
ponents 40 when current is induced in the single coil 36. 
The electromagnetic condition causes the armature 44 to 
become a magnet with poles opposing the poles of per- 



manent magnet 38 thereby creating a repulsive force 
tlierebetween. Tiiis repulsive force in combination with 
the attractive force created between attracting stud 56 
and armature 44, minus the mechanical or biasing force 
of spring 46, produces or creates a higher net pulling 
force on armature 44 than is possible from the electro- 
magnetic coil alone. Upon de-energization of the coil, re- 
turn spring 46 returns armature 44 until the armature 
abuts spacer 42. Since there is no longer an electromag- 
netic field, as the armature 44 approaches magnet 38, the 
magnet 38 attracts the armature 44 thereby adding to the 
force of return spring 46 exerted on the armature 44. 
Thus, the energy stored in the permanent magnet is uti- 
lized to increase the operating force of the armature 44 in 
both directions of armature stroke. 
[0029] In an alternate embodiment, a second permanent magnet 
may be placed with proper orientation between the at- 
tracting stud 56 and end plate 54. Placement of a second 
permanent magnet assists in the magnetic tuning to 
achieve the desired net forces that are exerted on arma- 
ture 44. That is, the second permanent magnet may be 
oriented such that it enhances the force placed on arma- 
ture 44 by attracting stud 56. Additionally, secondary 



shunt components may be placed within the coil windings 
to assist in magnetic tuning to also achieve the desired 
net forces exerted on armature 44. 

[0030] Therefore, in accordance with one embodiment of the 

present invention, a solenoid has a magnetically conduc- 
tive shell having a single coil of wound wire. The solenoid 
also has a movable magnetic object disposed within a 
bore of the single coil, the object configured to receive a 
magnetic force when current is induced in the single coil. 
The solenoid also includes a permanent magnet having a 
fixed polarity that repels the moveable magnetic object 
when current is induced in the single coil and attracts the 
end of the movable magnetic object when no current is 
induced in the single coil. 

[0031] According to another embodiment of the present inven- 
tion, an electromagnetic switching apparatus includes a 
bobbin having a single coil of wire wrapped therearound. 
A movable armature is disposed within the single coil as is 
a permanent magnet. The permanent magnet is separated 
from the armature by a non-magnetic spacer such that 
the permanent magnet attracts the armature when the 
single coil is de-energized and repels the armature when 
the single coil is energized. 



[0032] In accordance with yet another embodiment of the present 
invention, a method of manufacturing a single coil 
solenoid with permanent magnet bi-directional assist in- 
cludes the steps of wrapping a single electro-conductive 
wire around a bobbin and securing a plunger within a 
bore of the bobbin. The manufacturing process further in- 
cludes the step of disposing a spacer and a permanent 
magnet at one end of the plunger and biasing the plunger 
in a first position against the spacer. An end plate having 
an attracting stud at an end of the bobbin opposite to that 
of the permanent magnet is also put in place. 

[0033] In accordance with a further embodiment of the present 
invention, a single coil solenoid includes a first magnetic 
circuit between a plunger and a permanent magnet 
spaced from the plunger at a first electromagnetic condi- 
tion created when a single coil winding is not energized as 
well as a second magnetic circuit between a plunger and 
an attracting member at a second electromagnetic condi- 
tion created when the single coil winding is energized. 

[0034] In accordance with a further embodiment of the present 
invention, a solenoid kit includes a bobbin configured to 
receive a single coil of wire wrapped therearound as well 
as a permanent magnet having a fixed polarity. The kit 



also includes an armature configured to move linearly 
through a bore of the bobbin as well as a non-magnetic 
spacer to be disposed between the permanent magnet 
and the armature. 
[0035] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



